Global geomagnetic field reconstructions on millennial time scales can be based on comprehensive paleomagnetic data compilations but, especially for older data, these still suffer from limitations in data quality and age controls as well as poor temporal and spatial coverage. Here we present updated global models for the time interval 0-3 ka where additions to the data basis mainly impact the South-East Asian, Alaskan, and Siberian regions. We summarize recent progress in millennial scale modelling, documenting the cumulative results from incremental modifications to the standard algorithms used to produce regularized time-varying spherical harmonic models spanning 1000 BC to 1990 AD: from 1590-1990 AD gauss coefficients from the historical gufm1 model supplement the paleomagnetic information; in addition to absolute paleointensities, calibrated relative paleointensity data from sediments are now routinely included; iterative data rejection and recalibration of relative intensity records from sediments ensure stable results; bootstrap experiments to generate uncertainty estimates for the model take account of uncertainties in both age and magnetic elements and additionally assess the impact of sampling in both time and space. Based on averaged results from bootstrap experiments, taking account of data and age uncertain-ties, we distinguish more conservative model estimates CALS3k.nb representing robust field structure at the core-mantle boundary from relatively high resolution models CALS3k.n for model versions n =3 and 4. We assess the impact of newly available data and modifications to the modelling method by comparing the previous CALS3k.3, the new CALS3k.4, and the conservative new model, CALS3k.4b. We conclude that with presently available data it is not feasible to produce a model that is equally suitable for relatively high-resolution field predictions at Earth's surface and robust reconstruction of field evolution, avoiding spurious structure, at the core-mantle boundary (CMB). We presently consider CALS3k.4 the best high resolution model and recommend the more conservative lower resolution version for studies of field evolution at the CMB.
Introduction
records appear inconsistent with one another so that individual data records may have a 43 poor fit to the resulting model. For regional studies, it makes sense to consider only highest 44 quality data which can provide more detailed information for a specific geographical area 45 than is possible with a global model. For the global field evolution, however, Korte et al.
46
(2009) concluded that the best reconstructions were produced using a combination of all available information, including knowledge derived from direct field observations spanning 48 the interval 1590-1990 AD.
49
In this work we investigate the influence of modifications to the modelling method 
An Updated Data Set

59
The data set used here is based on and extended from earlier compilations by Korte et al. uncertainties were originally given, they were set to 100 years for archeomagnetic data.
109
Age uncertainties are at present not considered in our individual models and sediment age 110 uncertainties were all fixed to one value in the bootstrap method described below. 
The modeling method
112
The regularized modeling method using an expansion in spherical harmonic basis func-
113
tions in space and cubic B-splines in time is essentially the same as for our earlier models 114 and has been described in detail elsewhere (Bloxham and Jackson, 1992 The number of outliers rejected between the original and final data sets amounts to 4% on 164 average, with the smallest percentage for archeomagnetic declination data and the largest 165 for sedimentary intensities. Numbers for the initial and final data set are given in Table 2 .
166
Estimates of model uncertainties were obtained using the combined magnetic values and drawn from the data set used for CALS3k.3. 
Results
216
An overview of the models and their parameters is given in Table 4 coefficients except for the dipole strength, not just the high spherical harmonic degrees.
251
The slightly greater power in higher degree main field coefficients and the clear increase in The stronger dipole tilts appear generally consistent in direction, but higher in ampli- The relatively poor fit to observations exhibited in Figure 6 might be regarded as a 293 significant cause for concern, and is certainly an indication that one should be cautious 294 about over-interpreting the model results. However, it should be borne in mind that the 295 observations at Earth's surface represent an integrated view of fields upward continued 296 from the core-mantle boundary (CMB), and can be influenced by changes at the CMB 297 at large geographic distances (Constable (2007), Figure 13 ). Regional incompatibilities in 298 the observations at Earth's surface can extend to broad spatial scales as a result so that 299 while the model reflects the need to fit all the relevant data it is not always obvious why 300 a specific data set has large deviations from model predictions.
301
We turn now to predictions of the radial field component, B r (c), at the core-mantle 302 boundary (CMB) which are of interest for studying geodynamo processes. In interpreting 
322
In Fig. 8 we compare the time-averages of B r at the CMB for the four models, shown. Interestingly, however, the strongest difference between CALS3k.3b and CALS3k.4b occurs 347 over the Siberian / Japanese region between 180 AD and 500 AD (see Fig. 10f ), at a in the version 4 models. completely rejected the consequence is a strong geographical bias in the data distribution.
364
It is not obvious how to obtain the most reliable past field reconstructions. Our approach will result in large misfits to the observations, but so too will any inappropriate restric-372 tion of the available structure e.g. by very low degree truncation of spherical harmonic 373 representations.
374
The apparent sharpening of some field structure of the radial field at the CMB and to support this feature suggests that an eastward swing more accurately describes the past 389 dipole axis behavior at that time.
390
The comparison of dipole evolution for the un-averaged CALS3k.3 and CALS3k.4 mod-391 els suggests that somewhat higher temporal variability than preserved in the bootstrap av- for a more careful evaluation of age uncertainties.
447
The additional sedimentary records cause notable differences that are mainly in the Hyodo, M., Yoshihara, A., Kashiwaya, K., Okimura, T., Matsuzawa, T., Nomura, R., 
